The nonlinear quantum transport in a split-gate electron waveguide is simulated by using the Wigner function model. First, the effects of the impurity scatterings on the quantized conductance of the electron waveguide are studied. The decrease of conductance and the deterioration of quantized steps due to the impurity scatterings are investigated. After that, the nonlinear conductance at the large bias voltage and the possibility of the transistor operation of the electron waveguide are discussed. 
high resolution electron beam lithography. The two terminal electrical conductance of an electron waveguide is quantized as a function of the width.l) Recently we have succeeded in formulating the Wigner function model, which has been a promising tool for quantum transport modeling of quantum well electronic and optical devices, 2'3) to simulate the quantum transport in the electron waveguide for the first time, and its static and dynamic behavior was examined in the linear ballistic transport regime.a) In this paper, the effects of the impurity scattering on the quantized conductance of an electron waveguide are studied first in the linear transport regime. Next, we will present the quantum mechanical simulation on the nonlinear quantum transport of the electron waveguide.
z.SPLIT-GATE ELECTRON WAVEGUID E
In an electron waveguide with the split-gate HEMT structure, electron waves are confi.ned by applying the negative bias voltage to the gate electrodes. As a result, the one-dimensional(1D) constriction of the electron waveguide gradually widens to embrace the two-dimensional(2D) contact as shown in Fig. 1 (u) . In this paper, we assume that the gradual taper from the 2D contact to the 1D constriction is ideal, so that mode conversions and reflections at the interfaces are negligible. To model such an ideal 2D contact, the reservolrs are assumed to be attached to the LD constriction as shown in Fig. I (b 
4.NONLINEAR QUANTUM TRANSPORT OF AN ELECTRON WAVEGUIDE
We further examine the nonlinear quantum transport of the electron waveguides at the large bias voltage. First, the current-voltage characteristics of the waveguide in Fig. 3(a) are simulated at 0K. In Fig.  3(u) , the ionized impurities are assumed to be distributed two-dimensionally in the plane parallel to the waveguide layer. The impurity density is given as 2.8 x 16rr.--z and the distance between the waveguide and the impurity layer zs is 100nm. FiS. 3(b) shows the I-V curves for various waveguide widths, where Ln is varied around the filst step in Fig. 3(a) . where Fn ts the electron mobility estimated by the relaxation time due to the impurity scatterings and /f" is the one-dimensional electron density. The conductances calculated by the equation (a) are shown in Fig. 2(b) . In the classical model, the conductance takes an extremely high value for the small impurity density because the electron mobility becomes very large. On the contrary, in the Wigner function model shown in Fig. 2 (u) ,, the conductance is limited to its quantized value. As the impurity density increases, In the Wigner function model described above, the lateral discontinuities at the contact electrodes in the split-gate structure, and the space charge effects in the waveguide are not included. Further study on these two problems will be necessary to analyze the practical waveguide devices. the center of the first plateau, and 80 and 81nm the onset of the second step. The dotted straight line indicates the relation of the perfect quantization of conductance given by / -(2e2 f h)V. Even for 60nm as well as otlier width, the I-V curves are found to deviate from the dotted line as the applied voltage increases. This is due to the fact that the electron waves are reflected more by the potential variation in the constriction as the bias voltage becomes large.
Such a nonlinear behavior has been reported expe-r,lmentally in the quantum point contact structure."/ Next, we will discuss the possibility of the transistor operation of the electron waveguide at toom temperature. To include the various scattering processes in addition to the impurity scatterings at room temperature, 0.lps of the relaxation time is assumed simply fot ail waveguide widths. Fig. 4 
